Neuroimaging studies have used classic moral dilemmas to identify the neural circuitry underlying moral decision-making in healthy individuals, but it is unknown how this circuit functions in immoral, psychopathic individuals. In this functional magnetic resonance imaging (fMRI) study, we find that more psychopathic individuals show reduced activity in the amygdala during emotional moral decisionmaking, with particularly conning and manipulative individuals showing reduced activity in the entire moral neural circuit. These results provide initial evidence that psychopaths exhibit deficits in brain regions essential for moral judgment in normal individuals.
Psychopathy is a personality disorder involving severe disruption in moral behavior accompanied by pronounced deficits in emotion. Emotion is argued to be a critical component of moral behavior. 1 Highly emotional moral dilemmas have been found to evoke activity in the amygdala, medial prefrontal cortex, posterior cingulate and angular gyrus.
1,2 It has been hypothesized that persistent immoral behavior may result from deficiencies in some components of the moral neural circuit. 3 We implemented a twicereplicated fMRI task involving classic moral dilemmas 1,2 to examine the relationship between psychopathy and brain activity. We also examined whether four different factors of psychopathy (Figure 1 , middle) were differentially related to neural activation during moral decision-making.
Seventeen community participants with varying degrees of psychopathy (range: 7.4-32 on the 40-point (1) moral personal dilemmas-emotion-provoking and involving salient harm to another individual (for example, should you smother your crying baby to save yourself and other townspeople hiding from terrorists who may be alerted by the sound?), (2) moral impersonal dilemmas-less emotional (for example, should you keep the money you found in a lost wallet?) and (3) non-moral dilemmas (for example, should you take the train or the bus?).
1,2 We used a second-level multiple regression model on individual activation maps (moral-personal > moral-impersonal) with psychopathy scores (total, factor) as a covariate of interest in SPM5 (http://www.fil.ion.ucl.ac.uk/ spm/software/spm5/), masking the analysis to regions-of-interest (5-mm radius spheres) at previously reported coordinates 2,4 with a statistical threshold corrected for multiple comparisons (P < 0.05, family-wise error) (see Supplementary Methods and Results).
Participants with higher psychopathy scores showed reduced activity specifically in the amygdala during emotional moral decision-making (Figure 1,  left) . Furthermore, reduced amygdala activity was associated with each of the four factors of psychopathy. In addition to reduced activity in the amygdala, individuals scoring particularly high on the interpersonal factor, involving manipulation, conning, superficiality and deceitfulness, exhibited reduced activity in each of the other regions (medial prefrontal cortex, posterior cingulate and angular gyrus) of the moral neural circuit (Figure 1,  right) .
Findings demonstrate that amygdala functioning is disrupted during moral decision-making in psychopathy, and is evident in all features of psychopathy, suggesting that amygdala dysfunction may be a core deficit in psychopathy. 5 The amygdala is thought to respond to cues indicating distress in others, thus guiding individuals away from antisocial behavior. 5 Reduced amygdala functioning in more psychopathic individuals suggests reduced responsivity to the thought of causing harm to others when contemplating personal moral dilemmas. Without such amygdala activation, individuals may be undeterred from conning and manipulating others, making impulsive, irresponsible decisions, and engaging in criminal behavior without feeling guilt or remorse.
Reduced functioning in medial prefrontal cortex, posterior cingulate, and angular gyrus in individuals high on the interpersonal factor of psychopathy may indicate dysfunction of complex social processes important for interpersonal interactions central to behaving morally. These regions have been found to be involved in self-referential thinking, emotional perspective taking, recalling emotional experiences to guide behavior and integrating emotion into social cognition. 3 Dysfunction in these regions suggests failure to consider how one's actions affect others, failure to consider the emotional perspective of the harmed other, or a failure to integrate emotion into decision-making processes. Such processes are important in determining the appropriateness of using someone to achieve a goal, which is central to personal moral dilemmas. Interestingly, particularly conning and manipulative individuals who callously use others to achieve goals show reduced functioning in these regions. Overall, findings suggest that reduced functioning in brain regions involved in the complex social process of moral decision-making may partly explain a complex social problem-the psychopath.
